Introduction
Rarely, seizures may be falsely lateralized to the wrong hemisphere on the basis of ictal scalp electroencephalogram (EEG) recording. 1 False lateralization of ictal onset by scalp EEG has been reported in patients with severe hippocampal sclerosis (HS). In a study of 105 patients with temporal lobe epilepsy (TLE), five patients (4.7%) had unilateral, severe HS with scalp ictal EEG localized to the contralateral temporal lobe. 2 Depth electrode recordings showed ictal onset in the mesial temporal lobe ipsilateral to the imaging abnormality and contralateral to the apparent scalp ictal onset. 2 It was thought that the hippocampus was so damaged (''burnt out hippocampus'') that recruitment of enough neocortical neurons to produce a visible scalp discharge was not accomplished until propagation of the seizure to the contralateral temporal lobe. False lateralization of ictal onset has also been reported in patients with HS associated with hemispheric lesions or atrophy. In three patients with gross hemispheric cerebral lesions, ictal scalp EEG recordings suggested that the seizures originated from the side contralateral to the known cerebral lesions. 3 Intracranial recordings with depth electrodes showed that the seizures actually originated from the mesial temporal structures of the lesional hemispheres in all the patients. Similarly, scalp EEG in a patient with left HS associated with severe left hemispheric atrophy showed ictal spike-wave discharges in the right cerebral hemisphere. 4 Bilateral temporal subdural grids however showed that the seizure onset was actually in the left hippocampus. It was thought that the hippocampal seizure activity propagated to the contralateral hemisphere because of reduced epileptic propagation within the damaged hemisphere. 4 There has been no report of cases of false lateralization by scalp EEG in patients without detectable structural abnormalities on MRI, or in patients with neocortical temporal lobe epilepsy. We report a case of false lateralization of ictal onset by scalp EEG in a patient with neocortical temporal lobe epilepsy and a normal MRI examination.
Patient and methods

Case
The patient was a 56-year-old right-handed female with longstanding history of intractable complex partial seizures referred to False lateralization of ictal onset by scalp EEG has been reported in patients with severe hippocampal sclerosis associated with hemispheric lesions or atrophy. There has been no report of cases of false lateralization by scalp EEG in patients without detectable structural abnormalities on MRI, or in patients with neocortical temporal lobe epilepsy.
We report a case of false lateralization of ictal onset by scalp EEG in a patient with neocortical temporal lobe epilepsy and a normal MRI examination, investigated by intracranial EEG recordings. The ictal activity failed to propagate in the ipsilateral temporal lobe, but was strongly propagated to the contralateral temporal lobe resulting in a false lateralization of seizure onset by scalp EEG. It is possible that the poor homolateral propagation and evolution of ictal activity in this patient may be due to a functional rather than structural abnormality of the ipsilateral hippocampus, causing reduced synchrony and amplitude in the ipsilateral temporal cortex.
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our clinic for presurgical evaluation. Her seizures were characterized by staring, unresponsiveness and post-ictal amnesia, occurring several times a week. The patient's antiepileptic drugs on presentation were Lamotrigine and Levetiracetam in therapeutic doses. The patient had previously failed therapy with Carbamazepine, Valproic acid and Topiramate. She did not smoke or drink alcohol. There was no history of significant risk factors for seizures. Physical and neurological examinations were normal.
An inter-ictal EEG showed sharp waves emanating independently from both temporal head regions. A magnetic resonance imaging (MRI) of the head with contrast with inversion-recovery, flair, coronal and turbo-spin echo T2 sequences and with high resolution images of medial temporal lobes was negative. An interictal positron emission tomography (PET) scan of the brain did not show any area of hypometabolism.
Methods and results
Video/EEG monitoring: scalp recordings
Informed consent was obtained and the purpose of the seizure monitoring study was explained to the patient. She was admitted to the Comprehensive Seizure Monitoring Unit of the Methodist University Hospital in Memphis, TN, for 5 days. On admission, her antiepileptic medications were tapered. Digital EEG (NICOLET BMSI 6000) was recorded with scalp electrodes placed according to the 10-20 system, with a sampling rate of 200 Hz. The lowfrequency filter was set to 0.1 Hz and high frequency filter was set to 70 Hz. EEG data was analyzed offline, and the display montage was adjusted as needed.
During admission the patient had 8 complex partial seizures, each lasting about 40 s. The patient's seizure semiology was non- lateralizing, with staring and unresponsiveness. The scalp EEG correlate of all the seizures was rhythmic 5-6 Hz ictal activity emanating from the left temporal head region (Fig. 1). 
Video/EEG monitoring: intracranial recordings
Wada test was conducted with the patient receiving 125 mg Sodium Amytal adequate to cause contralateral motor paralysis. The test showed that the left hemisphere fully supported memory functions, while there was a right hemisphere memory dysfunction, indicative of a right temporal lobe abnormality.
Since the results of the Wada test and scalp ictal EEG recordings were discordant in a patient with normal imaging, it was decided to implant subdural strips on the bilateral temporal lobes.
Intracranial recordings were made from four multi-contact (4 Â 1) subdural strip electrodes which provided bilateral mesial and lateral temporal cortex sampling. Electrode positions were verified by skull radiographs. Digital EEG was recorded at a 200 Hz sampling rate. The EEGs were reviewed using both bipolar and referential montages at different filters and gain settings. The patient's antiepileptic medications were tapered.
Five complex partial seizures were recorded, all characterized by staring and unresponsiveness with no clinical lateralizing features. In all seizures, the ictal electrocorticogram (ECoG) showed a regional seizure onset in the right temporal lobe. There was simultaneous onset of gamma activity in the right medial temporal (RMT) and right lateral temporal (RLT) sub-dural strip electrodes, followed by electrodecrement (Fig. 2) . About 1.5 s after seizure onset on the right, there was ictal gamma activity in the left mesial temporal (LMT) and the left lateral temporal (LLT) electrodes.
Seizure propagation and evolution was markedly more prominent in the left mesial temporal structures underlying the left mesial temporal (LMT) electrodes, than the right (Fig. 2) . The seizure duration was brief, lasting less than 60 s. 
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Diagnosis
Based on the regional seizure onset in the right medial and lateral temporal subdural strip electrodes, the ictal ECoG pattern of gamma activity with electrodecrement, and a normal MRI and PET scan, it was concluded that the patient's seizures were emanating from the right temporal lobe neocortex. It became apparent that the rapid propagation of ictal activity to the contralateral temporal lobe and the subsequent strong evolution in that lobe resulted in a false lateralization of seizure onset by the scalp EEG (Fig. 1) .
Discussion
We have presented a case of intractable complex partial seizures localized by intracranial ECoG recording to the right temporal neocortex, which was falsely localized to the left temporal head region by scalp ictal EEG recording.
Apart from the normal MRI and PET scan in this case, other considerations that led to our conclusion that the seizure focus was in the right temporal neocortex included the fact that the intracranial ECoG recording showed a regional right temporal lobe onset, with ictal activity appearing simultaneously in the lateral temporal and mesial temporal electrodes. Seizures in patients with temporal neocortical onset are well known to have such a regional intracranial onset, reflected in several subdural electrode contacts, often on more than one subdural strip. 5 Secondly, the ictal ECoG pattern of gamma activity with electrodecrement as seen in the case presented is an ictal pattern of neocortical epilepsy. [6] [7] [8] Neocortical temporal lobe seizures have been shown to typically begin with ictal low voltage high frequency activity in several subdural contacts, often with an associated electrodecrement of ongoing rhythms. 5 Thus, the regional distribution of low voltage, high frequency ictal activity at seizure onset in this case, is quite indicative of a temporal neocortical origin. 9 The rapid seizure spread from ipsilateral temporal lobe to contralateral mesial temporal structures (1.5 s) in the presented case, is compatible with patterns seen in neocortical temporal seizures. 10 Seizure activity originating in the temporal neocortex has been shown to rapidly involve the contralateral mesiolimbic structures without preceding seizure invasion of the contralateral temporal neocortex, 10, 11 providing indirect evidence for the spread of ictal activity to the contralateral hippocampus through the hippocampal commisures. However, stimulation of the contralat- eral hippocampus had failed to elicit a hippocampal evoked response in one study, 12 raising doubts about a major role for the hippocampal commisures in such inter-hemispheric propagation.
The initial low voltage fast activity at onset of neocortical seizures is not usually associated with detectable scalp EEG change. The initial low voltage fast activity in the right temporal head region in this case was, not surprisingly, undetectable on scalp EEG. It was however unexpected that the ictal activity failed to be propagated in the ipsilateral temporal lobe, as would be expected in this patient with apparently normal hippocampal and cortical structure confirmed by MRI. Instead, the ictal activity was strongly propagated to the contralateral left temporal lobe and recorded on scalp EEG as a 5-6 Hz activity in temporal distribution; an ictal EEG pattern strongly associated with the hippocampus. 13 This led to a false lateralization of seizure onset to the left temporal lobe, by scalp EEG recording. The amplitude and synchrony of cortical activity are important factors in determining scalp recordability of ictal EEG rhythms. Ictal rhythms confined to temporal neocortex are less synchronous than when mesial temporal structures are concurrently involved. 5 In neocortical seizures, increased synchrony appears to depend on an interaction between the neocortex and mesial temporal structures, consistent with the theory of the hippocampus as an amplifier of seizures originating in the lateral temporal lobe.
14 It can be hypothesized that the poor homolateral propagation and evolution of ictal activity in this patient with normal MRI may be due to a functional rather than structural abnormality of the ipsilateral hippocampus, causing reduced synchrony and amplitude in the ipsilateral temporal cortex. It is possible that factors such as the size of the hippocampal commisure and the nature of recruitment patterns within the mesial temporal lobe may be important.
The rate of propagation of mesial temporal lobe seizure activity to the opposite hemisphere has been related to the amount of postsurgical seizure relief, with inter-hemispheric propagation time of less than 5 s indicating a poor prognosis. 15 Although there is no similar data for neocortical temporal seizures, it is likely that the rapid inter-hemispheric propagation time of 1.5 s in this patient also portends a poor surgical outcome.
